The objective of this work was to evaluate the thermal environment inside conventional cages for laying hens, with and without the use of protective screens. This research was conducted in two conventional cages (open cage), where each cage had half of its area surrounded by high density polyethylene mesh (HDPE) with a diameter of 2.0 cm, and the other half was kept fully open. Hyline W-36 and Dekalb Brown laying hens were housed in these cages. The wind speed, dry bulb temperature (tdb), black globe temperature, humidity index (BGHI), and enthalpy (H) were analyzed. The results indicate that the use of the screen reduced the wind speed inside the cage by 0.22 m s -1 .
INTRODUCTION
Owing to the occurrence of avian influenza viruses (H5N1 and H7N2), several studies related to avian biosafety have been conducted. The use of a screen to cover the entire outer perimeter of conventional cages (open cages) for laying hens has been proposed.
According to article 14 of Normative Instruction No. 56 (MAPA, 2007) , superseded by Normative Instruction No. 36 of 2012 (MAPA, 2012) , all commercial poultry establishments, in addition to other specifications, must be provided with protection to the external environment, with the installation of screens with a mesh size not greater than 2.54 cm (1.0 inch) to prevent the access of birds, domestic animals, and wild animals.
Many authors have pointed out that the thermal discomfort conditions are limiting factors for the development and production of animals with high genetic value (Jácome et al., 2007; Carcalho, 2012; Feize et al., 2012; Tinôco et al., 2014) . In laying hens, thermal discomfort causes a series of consequences, which are closely linked to a lower growth rate, decrease in feed intake, change in feed conversion, higher water consumption, accelerated heart rate, decrease in egg production, and a higher incidence of soft-shelled eggs (Jácome et al., 2007; Furtado et al., 2011; Silva et al., 2012; Allahverdi et al., 2013; Kilic & Simsek, 2013; Mack et al., 2013; Queiroz, 2014) . In addition, according to Jácome et al. (2007) and Carvalho (2013) , the thermal comfort of birds must be planned from the design of the facilities, choice of materials, and equipment used.
However, no studies regarding the influence of using protective screens on the thermal environment of conventional cages for commercial laying hens were found in the literature. Depending on the screen material, wire thickness, and mesh size, the air flow inside the cage may be reduced, thus increasing the thermal discomfort of the birds owing to the reduction of thermal changes between the internal and external environment.
Therefore, the purpose of this study was to evaluate the influence of the use of protective screens on the internal thermal environment of the facilities. Two conventional cages (Californian type) and two strains of laying hens (Hyline W-36 and Dekalb Brown) were used to in this study.
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MATERIAL AND METHODS
The experiment was carried out from June to November 2012, in a commercial egg production farm located in the southern state of Minas Gerais. The climate of the region according to Köppen is Cwa: a humid temperate climate, with a dry season in winter and a hot summer (Peel et al., 2007) . The research was carried out in two identical cages of 7 m x 120 m with a height of 2.50 m and an East-West orientation, covered with 6 mm thick asbestos cement roof, where each one had half of its area surrounded by screen and the other half was kept fully open ( Figure 1 ). The protection screen used to cover a part of the cage was made of black-colored high-density polyethylene (HDPE), with a mesh of 2.0 cm diameter, which is compliant with Normative Instruction Nº56 (MAPA, 2007) . FIGURE 1. Distribution of data collection points in the commercial aviaries for laying hens (Units: m).
Hyline W-36 and Dekalb Brown laying hens were housed in the cages, aged from 71 weeks and 17 weeks at the beginning of the experiment, with each strain being allocated to a cage. During the experimental period, the birds received water and were fed ad libitum. The egg collections were performed twice a day, and the birds were subjected to 17 hours of light and 7 hours of darkness. The procedures adopted with the animals in this research were approved by the Committee of Ethics in Animal Experimentation of the Federal University of Lavras, protocol no. 026/12.
The thermal environment was monitored simultaneously at six points distributed in each of the regions of the two cages, two in each corridor (central, north and south) (Figure 1 ). To evaluate the thermal environment, dry bulb temperature (tdb), dew point temperature (tdp), relative humidity (RH), wind speed (V), and black globe temperature (tg) were collected for the determination of the black globe temperature and humidity index (BGHI) proposed by Buffington et al. (1981) and the enthalpy (H) proposed by Albright (1990) (equations 1 and 2, respectively). BGHI = tg + 0,36 tdp + 41,5
(1) H = 1,006 tdb + W (2501 + 1,805 tdb)
Where, tg = black globe temperature (°C), tdp = dew point temperature (°C), tdb = dry bulb temperature (°C), and W = mixing ratio (kgwater vapor kgdry air -1 ).
In turn, the mixing ratio can be calculated by means of [eq. 
Where, ea = current water vapor pressure (kPa), and Patm = local atmospheric pressure (kPa).
Recording sensors (± 3% reading accuracy, ± 1°C temperature accuracy and ± 5% relative humidity accuracy) were used for the measurement of tdb, tdp, RH, and tg. The data were collected every 2 hours, from 08:00 to 20:00 h. A hot wire anemometer (Extech Instruments, model 407123, 3.0% reading accuracy + 0.3 m s -1 and accuracy of ± 0.3 m s -1 ) was used to measure V, and collections were made at every point, following the direction of travel corridors. The interval between the collection times at each point located in the cage, with and without screen, was less than one minute. This procedure allowed the statistical comparison of the previously mentioned variable in the areas with and without protection screens. All measurements were performed at the mean height of the cages (1.0 m).
For each cage, the experiment was carried out following the randomized block design (RBD), in a scheme of sub-divided plots. The two treatments were allocated in the plot, that is, the part of the cage covered with the screen and the area without screen. The corridor factor was allocated in the sub-plot, and the time factor was allocated in the sub-sub-plot, using data collected every 2 hours, from 08:00 to 20:00 h, totaling seven collection times. The measurements were performed during 22 nonconsecutive days (measurements were performed once a week in each Engenharia Agrícola, Jaboticabal, v.39, n.1, p.48-54, jan./feb. 2019 cage, during the experimental period), and each day was considered as a block. Statistical analyses were processed by the SAS software (2012).
The statistical model can be described according to equation 4, where yijkl is the value observed on screen i, corridor k, and period l on day j. In the equation, μ is a constant associated with each observation of yijkl; ti is the effect of screen i, where i = with screen and without screen; bj is the effect of day j, with j ranging from the 1st to the 22nd collection day; γij is the experimental error in the plot; ck is the effect of corridor k, where k = north, central, and south corridors; tcik is the interaction between the screen and the corridor; εijk is the experimental error in the sub-plot; pl is the effect of period 1, where l = 08:00, 10:00, 12:00, 14:00, 16:00, 18:00 and 20:00 h; tpil is the interaction between the screen and the period; cpkl is the interaction between the corridor and the period; tcpikl is the interaction between the screen, the corridor, and the period; and еijkl is the experimental error. yijkl = µ + ti + bj + γij + ck + tcik + εijk + pl + tpil + cpkl + tcpikl + еijkl (4)
RESULTS AND DISCUSSION
For V, the significant difference (p <0.01, test F) in the screen treatment and in the corridor treatment were verified in the two cages (with Hyline W-36 and Dekalb Brown strains of hens).It was found that the use of the screen to surround the outer perimeter of the cage resulted in lower mean V values than those observed in the nonscreened area (Table 1) . These results agree well with those observed by Coelho et al. (2015) , which indicate that this may be detrimental to bird welfare, because ventilation is an efficient means of attenuating the thermal discomfort suffered by birds (Medeiros et al., 2005) , owing to the increase of the heat transfer rate by convection. Lourençoni et al. (2015) observed that the use of cage screens for laying hens altered the levels of gases such as CO2 and NH3, probably because of the reduction of ventilation inside the cage. Means followed by distinct letters on the line, differ from one another by the F test at the 5% probability level. Passini et al. (2013) and Oliveira et al. (2011) observed that the use of artificial ventilation was efficient in reducing the ambient temperature. The use of minimum ventilation results in lower values of gas concentration inside the cages, favoring the maintenance of air quality (Vigoderis et al., 2010) . This constitutes further evidence of the importance of minimum ventilation within aviary cages.
Regarding the corridors, the highest speeds were observed in the north corridor, followed by the south corridor, and finally the central corridor, in both cages (Table 2) . The values observed in the northern corridor are because of the predominant wind from the northeast. The central corridor presented lower values of wind speed owing to the resistance to airflow caused by the batteries of cages installed on each side of the corridor. The results corroborate with those observed by Coelho et al. (2015) , which evidenced a temperature gradient between the internal and external regions of the battery cages caused by, among other factors, reduced ventilation. Means followed by different letters in the line differ from each other by the Tukey test at the 5% probability level.
In the cage in which the Hyline W-36 laying hens were housed for tdb, significant difference (p <0.01, test F) was observed in the interaction among the screen, the corridor, and the period. As can be seen in Table 3 , the use of the screen caused the average air temperatures (tdb) to be higher in the period between 08:00 and 10:00 h for the central corridor, compared to the part of the cage without the screen. For the northern corridor, the use of the screen caused the average values of tdb to be lesser than those for the treatment with screen considering that same period. This result can be explained by the period during which the study was conducted, winter. During winter, solar declination reaches a maximum value, and solar radiation directly affects the north corridor. In this case, the screen provided the reduction of solar radiation incident inside the cage. For the corridor treatment, the northern corridor presented higher mean temperature values in most of the periods evaluated. Ambient temperatures above 28 °C were recorded, which are above the ideal conditions of production of laying hens (Baêta & Souza, 2010; Biaggioni et al., 2008) . These results are also in agreement with those observed by Oliveira et al. (2011) and Coelho et al. (2015) .
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Temperatures above ideal conditions cause a decrease in feed consumption and an increase in water intake on laying hens, and may negatively influence the percentage of laying and weight of eggs (Costa et al., 2012; Deng et al., 2012; Vercese et al., 2012; Kilic & Simsek, 2013; Mack et al., 2013; Guimarães et al., 2014; Oliveira et al., 2014) .
For the tdb, the significant difference (p <0.01, test F) in the interaction between the screen and the period was verified in the cage with the Dekalb Brown strain. As can be seen in Table 4 , the use of the screen caused the mean values of the tdb to be similar for the treatments with and without screen, except at 18:00 and 20:00 h. During this period, the section surrounded by the screen had higher tdb values (Tukey test, p> 0.05), possibly owing to the lower air circulation caused by the screen, which is also in accordance with the work developed by Lourençoni et al. (2015) . The thermal oscillations followed a pattern of increase of the tdb in the middle of the day and decrease after 16:00 h. Despite these variations, the tdb remained within the zone of thermal comfort for the laying hens (Biaggioni et al., 2008; Baêta & Souza, 2010) . These results corroborate the work done by Biaggioni et al. (2008) , who evaluated different types of facilities for commercial laying hens and found oscillations similar to those found in this work throughout the day. When evaluating the BGHI for the Hyline W-36 laying hens, the significant difference (p <0.01, test F) in the interaction among the screen, the corridor, and the period was verified. The use of the screen resulted in higher average BGHI values in the period between 14:00 and 16:00 h for the central corridor; the opposite effects were observed in the north corridor (Table 5 ). This result can also be explained by the solar declination owing to the period during which the research was carried out. With regard to the corridor treatment, the north presented higher average BGHI values in the period between 08:00 to 16:00 h.
Overall, the cage remained in adequate thermal condition throughout the period in the central and the south corridor, except between 14:00 and 16:00 h in the south corridor. In the northern corridor, only in the 08:00, 18:00, and 20:00 h periods, the BGHI values remained below the upper limit of comfort according to the classification proposed by Baêta & Souza (2010) , who indicate that a BGHI of up to 74 is considered a safe environment and between 74 and 78 require some care. This result corroborates the work carried out by Furtado et al. (2011) , in which the BGHI was above the recommended levels from 9:00 to 17:00 h. Engenharia Agrícola, Jaboticabal, v.39, n.1, p.48-54, jan./feb. 2019 Means followed by different letters, upper case in the row and lowercase in the column, differ by the Tukey test at the 5% probability level. Root mean square error (RMSE) = 2.05.
In relation to the BGHI, for the cage with the Dekalb Brown strain, the significant difference (p <0.01, test F) between the screen and the period, and between the corridor and period interactions, was verified. The use of the screen resulted in mean BGHI values similar to the treatment without screen, except in the 20:00 h period, where this value was higher in the screen treatment (Table 6 ). In relation to the corridor treatment, the north presented higher average BGHI values in the period from 10:00 to 16:00 h (Table 7) . This result can also be explained by the time during which the research was conducted, winter. During winter, solar declination reaches its maximum, and the solar radiation is directly incident on the north corridor. Based on the classification proposed by Baêta & Souza (2010) , which indicate that an BGHI of up to 74 is considered a safe environment and between 74 and 78 require certain care, in general, the cage remained in adequate thermal condition throughout the period in the central and the south corridor, with the exception of the 14:00 h period for the south corridor. Regarding the northern corridor, only in the periods of 8:00, 18:00, and 20:00 h, the BGHI values remained below the upper comfort limit. This result is also in accordance with the work carried out by Furtado et al. (2011) . Means followed by distinct letters, uppercase in the row and lowercase in the column, differ by the Tukey test at the 5% probability level. Root mean square error (RMSE) = 2.00.
For the enthalpy (H), the significant difference (p <0.01, test F) in the interaction among the screen, the corridor and the period was verified in both cages, and in the cage with the Hyline W-36 strain, the use of the screen resulted in mean enthalpy values (H) higher than those found in the no-screen area for the central corridor during all periods of the day and for the northern corridor in the periods of 8:00, 10:00, 12:00, 18:00, and 20:00 h (Table 8) Means followed by distinct letters, uppercase in the row and lowercase in the column, differ by the Tukey test at the 5% probability level.
On the contrary, for the cage with the Dekalb Brown strain, the use of the screen resulted in mean H values higher than those found in the section without the screen for the north and central corridors during all periods of the day (Table 8) . However, the values were lower than those recommended by Barbosa Filho et al. (2007) and Vieira et al. (2010) for laying hens, which range between 64 and 70 kJ kg for dry air -1 .
CONCLUSIONS
The use of HDPE screen of 2.0 cm diameter to surround the outer perimeter of conventional cages (Californian type) reduced the internal wind speed by 0.22 m s -1 . The presence of the screen affected tdb, BGHI, and enthalpy in some evaluated periods, generally causing these values to be higher than those of the treatment without the screen. However, the values are either within or below the comfort range. Under conditions of direct solar radiation on one side of the cage, the reduction of tdb, BGHI, and H is verified, given that the screen provides mitigation of incident solar radiation inside the cage.
Despite the use of the screen in the outer perimeter of the cage to reduce the wind speed inside, it was verified that this reduction did not cause thermal limitations that made its use unfeasible.
